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Introduction
In transmission line protection, fault detection and the faulted phase selection are the two important tasks which Q4 need to be addressed in a reliable and accurate manner.Fast detection of fault enables the quick isolation of the faulty phase/section of the line from service and hence protecting it from the harmful effect. If it is not detected and cleared promptly, it may damage the electrical equipments or may lead the power system into instability, resulting in a widespread power outage or even a complete area blackout due to the cascading effects. Transmission line fault detection techniques can be classified into two main categories: techniques based on the fundamental power frequency component, and the techniques utilizing the higher frequency components (transient based protection) of the fault signals (Niazy and Sadeh, 2013; Wen et al., 2013; Fan et al., 2006; Zhang and Kezunovic, 2007; Costa et al., 2012; Chaiwan et al., 2014; Liao and Kang, 2009; Zhang et al., 2003; Bo et al., 2000; Jafarian and Sanaye-Pasand, 2010) . Further these two categories can be divided into two subgroups: to use single end information or to use information from both ends using current and voltage data of the faulted line (Takagi et al., 1982; Djuric et al., 1998; de Morais Pereira and Zanetta, 2004; Brahama, 2007; Wang et al., 2008; Novosel et al., 1996; Izykowski et al., 2011; Mahanty and Dutta Gupta, 2007) . In conventional protection scheme, high frequency signal is considered as interference and is filtered out (Bo et al., 2000) . Whereas, these high frequency components contain more information about the fault than power frequency signals do and can be utilized to develop new protection principles that could not be implemented using only power frequency signals. Faults detection techniques using single ended information is more attractive than the techniques based on two terminals data. Two terminals technique has drawbacks like requirement of communication links and synchronized sampling equipment which not only increase the cost but also affect the accuracy (Ha et al., 2003) . In fact the accuracy of fault detection and the faulted phase selection of a transmission system depends upon many factors such as on the geometry/configuration, network condition (balanced/unbalanced) and the line parameters of the transmission network i.e. whether, the charging capacitance and shunt reactance being present neglected or taken into consideration for the transmission line model. Besides that the accuracy also depends upon the resistance of the faulted path, the fault inception angle, the system loading level, the amplitude of the dc offset and harmonics content in the transient signal of the faulted transmission system.
A number of relevant mathematical (deterministic) and intelligent models based protection schemes of transmission system are available in the literature, in which attempts have been made to detect, classify and to locate the fault and the faulted section of the line but they have their own limitations and the results are not satisfactory due to the wide variation in fault operating conditions such as high fault resistance involved in the faulted path of the transmission system, inception of fault at the voltage zero crossing situation where relay generally mislead to operate and the variation in load angles and the system loading levels. Moreover, fault characteristics on EHV transmission lines differ to those on medium and high voltage (MV/HV) due to the presence of larger shunt capacitance, higher voltage level, and longer transmission radius and weakly damped decaying dc current caused by the high system reactance to resistance ratio (Jafarian and Sanaye-Pasand, 2010). The issues related to the high impedance fault detection in connection with accuracy and speed for the protection of EHV transmission system is reported in Jafarian and Sanaye-Pasand (2010) Recently, a new fault location principle is described for EHV transmission lines based on distributed line parameter using one terminal voltage and current data. It is found that the algorithm is failed in case of large fault resistance (Ha et al., 2003) .
Many intelligent techniques based protection schemes of transmission system are reported (Mahanty and Dutta Gupta, 2007; Ferrero et al., 1995; Wang and Keerrthipala, 1998; Samantaray et al., 2006 Samantaray et al., , 2007 Osman and Malik, 2004a; Zhang et al., 2014; Yaussef, 2004; Bhowmik et al., 2009; Osman and Malik, 2004b; El Safty and El-Zonkoly, 2009; Das and Reddy, 2005; Sadeh and Afradi, 2009; Deng et al., 2015; Reddy and Mohanta, 2007; Nikhli and Safavi, 2011; Yusuff et al., 2014; Redddy and Mohanta, 2008; He et al., 2010) in the literature. R.Kolla applied fuzzy logic for identifying types of fault on three phase transmission lines. Ferrero et al. (1995) extended the work proposed by R.Kolla for identifying types of faults on transmission line, but the phases involved in the fault have not been explicitly determined. Also, this method determines only the asymmetrical faults involving ground. To improve upon this, Wang and Keerrthipala (1998) described a fuzzy-neural approach. In this method, only the nature of the fault along with the credibility factor is identified, whereas the phases involved in the fault have not been explicitly determined. Thus, this method can be considered as an improved version of Ferrero et al. (1995) . However, this method
